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DIABETES INSIPIDUS ASSOCIATED WITH
PINEALOMA TRANSPLANT IN THE
TUBER CINEREUM*
SYDNEY W. STRINGER
In the field of the pathological anatomy of the pineal body we must first
gather experiences and collect observation after observation. With the
increasing number of necropsy findings of a similar nature, our knowledge
of the essential relationships will broaden.-Berblinger'.
To utilize tumors as a method for the localization of function,
or todemonstrate dysfunction, is a precarious undertaking for several
reasons. Chief among these, perhaps, is that the neoplasm may
be too large, destroying too much tissue, and encroaching upon too
many nuclei or nerve tracts. Occasionally an instance does occur,
where either the original growth or a metastatic nodule is localized
to a definite area and involves an important region so sharply, with-
out a destruction of surrounding tissue, that certain dysfunction may
be attributed to it. Frequently lesions of this kind are of greater
value in the study of anatomical-functional relationships than are
experimentally produced traumatic lesions.
It is the purpose of this paper to present a case of a pineal tumor
which had become implanted in the tuber cinereum without involve-
ment of the hypophysis cerebri, the dinical picture being that of a
progressive diabetes insipidus which terminated in hyperpyrexia.
Report of Case
History. The body of P. R., a white male, 27 years of age, was brought
to the New Haven Hospital on December 28, 1930, by Dr. William Cohen
of New Haven, for post-mortem examination of the brain. The patient had
been admitted to the New Haven Hospital on October 29, 1930, with
complaints of tiredness and great thirst. The family history revealed that
the father had diabetes mellitus.
The illness of the patient began in August, 1930, when he noticed an
easy fatigability and increased thirst; polyuria was present and had steadily
increased. There was polydipsia amounting to twelve quarts a day. He
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complained of headaches of increasing severity. Two days before admission
to the hospital he became nauseated during the night. The next day the
family physician administered pituitrin hypodermically, following which the
symptoms disappeared.
There were no positive findings on physical examination. The blood
showed a slight secondary anemia. The specific gravity of the urine was low,
being 1.006. Roentgenograms of the skull and perimetric examination were
negative. The spinal fluid revealed 15 lymphocytes per cubic millimeter and
a 2-plus Pandy. The pressure was normal.
For the first five days of his stay in the hospital, the patient was not given
pituitrin, but was given unrestricted fluids. He drank daily an amount of
approximately 6000 cc., his output of urine amounting daily to 5000 cc.
On the sixth day he was given 1 cc. of surgical pituitrin; his intake dropped
to 4000 cc., and his output to 2000 cc. He was subsequently given a second
injection of pituitrin with similar results. On November 2, two days
following a lumbar puncture, the patient complained of severe pain in his
head and neck. This complaint persisted throughout his entire stay in the
hospital, but was somewhat relieved by the administration of aspirin and
codeine. At this time it was found that he held his head and neck rather
rigidly. Both Kernig and Babinski signs were negative.
The patient was discharged to his family physician somewhat improved
symptomatically on November 5, 1930. He was taught to use the hypo-
dermic syringe and to administer pituitrin to himself. He was advised to
try this out and regulate the dosage and frequency of administration.
From the date of his discharge, the patient required increasing doses of
pituitrin to keep him symptomless. He was lost track of until the time of
his death on December 28, 1930. It was later discovered that for two weeks
before death, the diabetes insipidus could not be controlled even with massive
doses of pituitrin. One week before death the temperature mounted to
1070 F. The last two days of life the patient was unconscious, the tem-
perature remaining constantly at the high level.
Necropsy. The post-mortem examination was performed by Dr. H. M.
Zimmerman.
Macroscopic Findings-The necropsy was limited to an examination of
the cranial contents. The dural sinuses appeared normal. The lepto-
meninges were everywhere thin and translucent. The pial vessels were not
congested. The cerebral convolutions were somewhat flattened and there
was a definite pressure cone of the cerebellar tonsils. The blood vessels at
the base of the brain were not thickened. The optic nerves were round and
there was no malformation of the optic chiasm. Immediately posterior
to this latter structure was a conical enlargement of the tuber cinereum
measuring 1 cm. in diameter (Figs. 1 and 2). This enlargement was of
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FIG. 1. Appearance of the metastatic implant of the pinealonia in the tuber cinereum.
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FIG. 3. Photomicro-raph of neoplasm in pineal
bodly. Note the large epithelial and the small
lymi-l)hocytic cells foi Mtig the tumior. Hematoxylin-
eosin stain.
FIG. 4. Photomicrograph of neoplasm in tuber
cinereutmi. The miiorphological characteristics of this
part of the tumor are identical with those of
Fig. 3. Hematoxylin-eosin stain.DIABETES INSIPIDUS ASSOCIATED WITH PINEALOMA
fleshy consistency and color, and apparently avascular. The infundibulum
of the pituitary was a delicate atrophic structure. The hypophysis weighed
500 mg. with a small fragment of the dura attached. On section, the
anterior, middle and posterior lobes of the pituitary gland were distinctly seen.
There were small, yellow granules in each which scraped the knife and
apparently contained calcium salts.
The pineal body was greatly increased in size, measuring 2.1 x 1 x 1 cm.
and weighing 845 mg. (Fig. 2). It had a pink, fleshy appearance similar
to the mass in the tuber cinereum. On frontal section no lesions were found
either in the gray or white matter throughout the brain. The basal ganglions,
the pons, medulla and cerebellum were all normal. The ventricles were
undilated. The third ventricle, where it joins the canal of the infundibulum,
was obliterated by the tumor in this region. The tumor was sharply cir-
cumscribed and showed no evidence ofinfiltration in the surrounding structures
(Fig. 2). The optic tracts and mammillary bodies were not compressed.
Microscopic Findings-The greater part of the pineal body was replaced
by large epithelial cells whose cytoplasm was abundant and deep staining, and
whose nuclei were large, round or slightly oval in shape (Fig. 3). The
nuclei had much chromatin in the form of granules of various sizes; an
occasional one had a large centrally placed nucleolus. The neoplastic cells
lay scattered without any definite pattern in a very scanty connective tissue
stroma. The latter was much more abundant around blood vessels, where
invariably were present islands of small round cells. An occasional epithelioid
cell was binucleated; nuclei in a stage of mitotic division were frequently
seen. Huge cytoplasmic bodies of irregular, bizarre shape containing nu-
merous small, round, dark staining nuclei lay embedded in a dense connective
tissue stroma. These had the appearance of multi-nucleated foreign-body
giant-cells. A very rare bipolar spongioblast was found among the epithelioid
cells and at the periphery of the growth. Occasionally the spongioblast lay
close against a tumor cell and half encircled it.
The neoplasm in the tuber cinereum involved only the part of this region
that projected as a nodule behind the optic chiasm and gave rise to the
infundibulum. Whereas the new growth lacked any definite encapsulation,
it, nevertheless, failed to infiltrate the surrounding tissue and its boundaries
were clear cut and well defined. The optic tract immediately behind the
chiasm was slightly covered by the neoplasm.
Histologically this tumor was identical in all essentials with that in the
pineal body (Fig. 4). The same large epithelioid cells formed the bulk of
the neoplasm, and islands of small, round cells were similarly present. Mitotic
figures or giant-cells could not be found. The upper end of the infundi-
bulum at its attachment to the tuber cinereum was replaced by tumor tissue.
The pituitary body, beyond any question, was decreased in size in all its
parts. The individual elements that went to make up these parts were,
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however, morphologically normal. Except for congestion of the blood vessels
of the glandular part of the hypophysis, no abnormalities were seen in either
the structure of this body as a whole, or in the individual cellular constituents.
Kossa's stain for calcium was negative.
Preparations of many parts of the cerebral hemisphere, of the region of the
third ventricle, and of the cerebellum were devoid of abnormal findings.
Comment
It is interesting to note that there were no generalized signs
indicative of an intracranial neoplasm in this instance. The diabetes
insipidus was the only localizing sign pointing to a lesion in the
region ofthe tuber cinereum. However, in the absence of any other
signs, the possibility of this lesion being a neoplasm was not seriously
entertained. From the findings at post mortem, it is safe to assume
that the small size of the original growth in the pineal body and
its metastatic implant in the tuber cinereum was responsible for the
paucity of signs and symptoms.
T4e implant involved not only the tuberal group of hypo-
thalamic nuclei, but also the upper end of the infundibulum of the
hypophysis cerebri. This gland, however, presented no abnormal-
ities on microscopic examination. It is true that the canal of the
infundibulum was blocked by the new growth, and in that way
may have interfered with the dissemination of the secretion of
the pituitary gland, and that the tumor nodule involved the tractus
supraopticopitultaris.
The morphological characteristics of the tumor, both at the
original site and in the implant, were similar to those of a pineal
body in the early stage of post-natal development. A few spongio-
blasts were identified in both of the tumor masses. It is a frequent
characteristic of pinealomas that they metastasize to various regions
of the brain, particularly the hypothalamus. This was observed in
the cases ofHorraxandBailey15, and in those of Fulton andBailey".
The terminal period of hyperpyrexia which this patient experi-
enced is of great interest from the fact that there is much evidence
in support of the view that the hypothalamus participates in the
regulation of body temperature"7 18.
Discussion
The problems of the histogenesis and physiology of the pineal
body still want solution. Galen's belief that "it is a substance
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glandular and was derived for the same purpose as other glands"
has not been disproved. It was, indeed, a retrograde step when
Descartes27 described it as "the seat of the soul". Tilney and
Warren30 uphold the theory of the glandular function of this struc-
ture, whereas Horrax and Bailey'3 maintain that the microscopic
structure of the epiphysis offers little in support of a secretory
function. Globus and Silbert"2, in detailed studies of the histo-
genesis of the pineal body, do not admit the presence of neuroglial
cells in this organ, contrary to the belief of Horrax and Bailey and
of Del Rio Hortega8, who describe two types of cell, the paren-
chymal and the neuroglial in a connective tissue stroma.
Krabbe"9 first applied the appellation of pinealoma to tumors of
the pineal body in his excellent contribution to the pathology of
the epiphysis cerebri. Cushing and Bailey2 further subdivided this
neoplasm into two types, pinealomas and pinealoblastomas. The
latter designation was subsequently discarded as too much of a
refinement. Horrax and Bailey, in addition, described tumors con-
sisting of embryonic cells of ectodermal origin to which they applied
the name of pinealoma of embryonic or spongioblastic type. Globus
and Silbert denied the existence ofthis type ofneoplasm in the pineal
body. They described the cytologic structure of the epiphysis cerebri
from its anlage to the definitive form and believed to have demon-
strated that tumors of this body mirror in their cellular constituents
some stage in its development.
There are three schools of thought in the attempted solution of
the problem of the etiology of diabetes insipidus. These can be
summarized as follows:
1. Diabetes insipidus is due to disturbed function of the hypo-
physis cerebri.
2. There is a center, the nucleus supraopticus of the hypo-
thalamus, which regulates water metabolism. From this nucleus
there originates a tract of fibers which passes through the tuber
cinereum and infundibulum and spreads through the posterior and
intermediate lobes of the pituitary gland. A lesion involving these
structures sodisturbs water metabolism that diabetes insipidus results.
3. Diabetes insipidus is caused by organic changes in the tuber
cinereum.
It was in 1904 that Erdheim28 first called attention to the rela-
tion between lesions of the hypothalamus and diabetes insipidus.
Since that timevarious lesions includingtrauma, syphilis, meningitis,
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tuberculosis, tumors and epidemic encephalitis in the region of the
tuber cinereum have been reported as the cause of diabetes insipidus
in the presence of an intact pituitary gland' 11, 14, 20,21,25. Experi-
mental evidence also has supported the view that this region plays a
major rolein theregulation ofthewater metabolism of the organism.
It had been observed experimentally that operative procedures
involving the hypophysis cerebri produced transient polyurias of
varied intensity and duration6. This disturbance was at first attrib-
uted to lesions in the pituitary gland. Leschke22, however, demon-
strated that extirpation of the hypophysis cerebri in dogs produced
no permanent change in the urinary output.
Other investigators have attributed to the hypothalamus the
regulatory rOle for many vegetative functions, including that of
water metabolism. Camus and Roussy' produced lesions of the
hypothalamus in the region of the tuber cinereum in dogs, and
showed that polyuria and polydipsia resulted. Houssay'6, Bailey
and Bremer', Curtis7, and Bourquin4, on thebasis ofsimilar investiga-
tions, supported and further elaborated these results. They con-
cluded that this region, and not the pituitary gland, controls the
water metabolism of the body, dysfunction being indicated by a
clinical picture similar to diabetes insipidus in man.
Greving'3 described a tract of fibers which he called the tractus
supraopticopituitaris, extending from the supraoptic nucleus in the
hypothalamus to the posterior lobe of the pituitary gland. Pines26,
in addition, demonstrated that this tract not only extends to the
posterior lobe, but ramifies amongthe gland cells of the intermediate
lobe. Lewis and Lee24 have shown that the posterior lobe of the
hypophysis cerebri contains groups of cells, projecting inwardly from
the capsule, which sometimes have a tubulo-racemose arrangement
in individuals up to four years of age. Thus, there is presented an
intimate anatomic relationship between the supraoptic nucleus of the
hypothalamus and the glandular cells of the pituitary.
Fulton and Bailey'0 believe that most probably the region of
the tuber cinereum regulates water metabolism, but cannot disregard
the fact that there is a connection between the hypothalamus and
the pituitary gland, and that extracts of the hypophysis check the
symptoms of diabetes insipidus, as first demonstrated by Van den
Velden. Towne3" maintains that diabetes insipidus is due, probably,
to suppression of the secretions of the pars intermedia and tuberalis
of the pituitary gland and that investigators have neglected the
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possible physiologic importance of the cells of the pars tuberalis at
the base of the brain.
In contrast, it is a common clinical experience that not all cases
of diabetes insipidus are amenable to treatment by the administra-
tion of pituitrin, and that some cases, although responding at first,
do not do so later in the course of the disease. Leschke23 maintains
that he has demonstrated large amounts of the active principles of
the pituitary gland in the spinal fluid of patients with marked
diabetes insipidus. Furthermore, Camus and Roussy, and other
investigators, hypophysectomized dogs and produced a transient
polyuria. When this disappeared, piqufre in the region of the tuber
cinereum resulted in a prominent diabetes insipidus. By a carefully
controlled lesion in the region of the tuber cinereum Bourquin pro-
duced polyuria in various animals. Subsequent histopathological
examination revealed the pituitarygland to be intact. These experi-
ments would minimize the importance of the connection between the
hypothalamus and the hypophysis cerebri. Clinical evidence like-
wise demonstrates the unimportance of this relationship. Leschke22
has described 16 cases of complete destruction of the pituitary gland
unaccompanied by diabetes insipidus, and points out that a large per-
centage of tumors of the pituitary gland do not cause this syndrome.
The objection of Towne that histological examination for rem-
nants of tuberal cells of the hypophysis had not been made in hypo-
physectomized dogs of previous investigators seemed valid for a
time. Warner32, however, in an accurate histopathological study
of animals in which diabetes insipidus was subsequently produced by
a lesion in the tuber cinereum, eliminated the question of tuberal
cells ofthe pituitary gland still being present at the base of the brain.
In one animal which had a persistent and marked diabetes insipidus,
the lesion was accurately delimited to the anterior hypothalamic
nucleus and the nucleus tuberis.
The evidencewhich has accumulated up to this time points to the
tuber cinereum as the regulatory center for water metabolism".
However, there are two facts that are somewhat contradictory to
this view: the polyuria obtained in hypophysectomized animals with
subsequent piqufre of the hypothalamus is not so marked or persistent
as that resulting in animals whose pituitary glands are intact, and
denervation of the kidneys' or transection of the cervical spinal cord4
which interrupts all connections between the hypothalamus and
kidneys in animals with diabetes insipidus produces no alleviation of
symptoms.
381382 YALE JOURNAL OF BIOLOGY AND MEDICINE
Summary
The history and necropsy findings are presented of a white male,
27 years of age who suffered from diabetes insipidus for a period of
five months preceding death which followed after a period of
hyperpyrexia of 107° F. lasting one week. Generalized signs of an
intracranial tumor were absent. The administration of pituitrin was
at firstsuccessful inrelieving the diabetes insipidus but gradually this
therapeutic measure failed to be effective. At necropsy a pinealoma
was found in the pineal body and a transplant of this tumor was
present in the region ofthe tuber cinereum. This metastatic implant
destroyed the tuberal group of hypothalamic nuclei and invaded the
stalk of the pituitary gland, producing closure of the infundibular
canal.
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